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Abstract
Purpose To report our 11-year minimum clinical and
radiological outcomes, as well as complications of the
Charite III total disc replacement (TDR).
Methods A total of 35 patients indicated for total disc
replacement were implanted with the Charite III prosthesis.
Clinical evaluation included visual analog scale (VAS) for
back pain and the Oswestry disability index (ODI). Ra-
diological parameters of intervertebral disc height (IDH),
range of motion (ROM), lumbar lordosis, lumbar scoliosis
and prosthesis position were evaluated. Complications and
reoperation rates were also assessed.
Results Thirty-two patients had a minimum 11-year fol-
low-up, and 33 prostheses were implanted. The mean fol-
low-up time was 11.8 years, ranging from 11.3 to
13.8 years. Twenty-eight patients (87.5 %) had a success-
ful outcome, as defined by the FDA. Reoperation was
performed in 2 patients for adjacent segment degeneration
and pedicle fracture (1 case each). Both VAS and ODI
scores showed significant improvement compared to
baseline. At the final follow-up, the ROM of both the in-
dex- and adjacent-level showed an obvious decrease. The
IDH of the index level showed a tendency to decrease, but
the difference was not significant. The IDH of adjacent
levels were not significantly affected by the surgery. Mean
lumbar lordosis was increased at the final follow-up, and
lumbar scoliosis over 3 was observed in 12 patients
(37.5 %), with a mean angle of 5.6 (range 3–12). Of all
35 prostheses, 15 were left-shifted, 3 were right-shifted and
14 were just in the middle. In the coronal plane, 25 were
rated as ideally placed, 5 were discretely shifted, 4 were
slightly shifted and 1 was markedly shifted. In the sagittal
plane, only 12 prostheses were rated as ideally placed, 14
were discretely shifted and 9 were suboptimally placed.
Prosthesis subsidence was noted in 3 (9.4 %) patients (the
subsidence distances were 3.1, 4.2 and 2.8 mm, respec-
tively). Heterotopic ossification was detected in 25 seg-
ments (71.4 %), consisting of Class-I heterotopic
ossification in 7 segments (20.0 %), Class-II in 9 segments
(25.7 %), and Class-III in 9 segments (25.7 %). Class-IV
heterotopic ossification was not observed.
Conclusion The cumulative survival was 100 % at a
mean follow-up of 11.8 years. Clinical and radiological
results were satisfactory and long-term clinical results were
maintained for a mean follow-up of 11.8 years. Reop-
eration and complication rates are acceptable, and our
study does not substantiate the fear of reoperation or late
complications. The results of our long-term follow-up
indicate that, with strict indication, TDR is a safe and ef-
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Introduction
As the standard surgical method for symptomatic degen-
erative disc disease (DDD), fusion has also brought some
pertinent problems including pseudoarthrosis and persistent
LBP (low back pain) [1–3]. In addition, there is evidence
that fusion may accelerate adjacent segment degeneration
[4–6], resulting in new pain and in some cases additional
surgical intervention.
With the theoretical advantage of restoring kinematics
of the intervertebral disc and posterior facet joints [7],
lumbar TDR has increased in popularity as an alternative
procedure for lumbar fusion since gaining approval by the
FDA in 2000. Several randomized [7–12] controlled trials
have been carried out to compare TDR with lumbar fusion
techniques and found no clinically relevant differences in
pain or physical function, thus demonstrating that TDR
produces at least equivalent clinical results compared with
lumbar fusion. Prospective cohort studies of TDR also
showed a significant reduction of pain intensity and im-
provement of functional impairment over short- to mid-
term follow-up [13–17].
However, late problems such as prosthesis subsidence,
facet joint arthrosis, and spontaneous fusion have been
reported [18–20]. Controversy still exists regarding whe-
ther TDR can prevent adjacent segment degeneration in the
long term [23–27]. To assess the role of any new treatment
method, long-term clinical results need to be evaluated in
clinical studies with adequately sized patient cohorts and
sufficient long-term results. To date, the number of pub-
lished long-term follow-up studies on TDR is still very
small. This prospective nonrandomized clinical trial aimed
to assess the safety and effectiveness of lumbar TDR. The
study had three objectives:
(1) To observe the survival rate of the Charite III
artificial intervertebral disc.
(2) To assess the effectiveness of Charite III TDR for
patients with symptomatic disc degeneration.
(3) To analyze late complications of Charite III TDR.
Materials and methods
Study protocol and patient selection
Between March 1999 and March 2002, a total of 35 patients
with one- or two-level symptomatic degenerative disc dis-
ease underwent Charite III lumbar TDR. All patients were
nonresponders to an intensive inpatient and outpatient
conservative treatment program conducted over a period of
at least 6 months. The main inclusion criteria were patients
with predominant (C80 %) axial low back pain originating
from lumbar DDD. A summary of inclusion and exclusion
criteria for this study is listed in Table 1.
The preoperative diagnosis was made on the basis of
clinical signs and symptoms, lumbar radiographs in stan-
dard anteroposterior and lateral views, functional flexion/
extension images, and also magnetic resonance imaging of
the lumbar spine. Discography was used to identify
discogenic pain and to distinguish the symptomatic seg-
ment (Fig. 1).
Outcome assessment
Both clinical and radiological outcomes were assessed.
Clinical questionnaires examined lumbar function
(Oswestry Disability Index, ODI), and lumbar visual ana-
log scale (VAS) for back pain. Clinical success as defined
by the FDA (non-validated clinical scale) was achieved
when all the following four criteria were met: (1) disability
(ODI) improvement of at least 15 points versus baseline;
(2) no device failure; (3) no major complication associated
with the prosthesis or surgery; (4) no neurological dete-
rioration. Device failure included any reoperation required
to modify or remove implants and any need for supple-
mental fixation. Major complications were defined as major
vessel injury resulting in [1500 mL blood loss, neuro-
logical damage, or nerve root injury [9].
The radiographic parameters range of motion (ROM),
intervertebral disc height (IDH), lumbar lordosis, lumbar
scoliosis, and prosthesis position were measured. We used
Table 1 Inclusion and exclusion criteria
Inclusion criteria Exclusion criteria
Age 25–60 years Age over 60 years
Discogenic low back pain Predominant radiculopathy
Degenerative disc disease confirmed
by magnetic resonance imaging
(MRI), computed tomography (CT)
Spinal spondylolisthesis or
instability of the spine
Spinal stenosis requiring
decompression
Unsuccessful conservative therapy of





Previous spinal infection or
tumor
Moderate or worse facet
joint arthritis
Major segmental instability
All patients met the criteria mentioned above
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Fig. 1 Radiographic views of a
subject implanted at L4/5 and
L5/S1. a–c MRI showed severe
degeneration of L4/5 and L5/S1,
and obvious disc herniation in
L4/5; d, e X-ray showed that
ROM of L4/5 and L5/S1 were
5 and 8, respectively, at 1-year
follow-up; f, g ROM of L4/5
and L5/S1 were 4 and 5,
respectively, at 5.5-year follow-
up; h, i ROM of L4/5 and L5/S1
were 3 and 5, respectively, at
12.9-year follow-up, and ROM
of the upper adjacent level was
2
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the Cobb technique to determine the range of motion
(ROM). We measured the anterior and posterior disc height
using digitized radiographs in the neutral position to obtain
IDH. Lumbar lordosis is the angle formed between the
upper endplate of L1 and the sacral endplate. All radio-
graphs were analyzed by the same system, to avoid inter-
and intraobserver variability. Patients with scoliosis were
measured on standard anteroposterior radiographs using
methods adopted in measuring spinal scoliosis. According
to research by Boss et al. [26], coronal centering of the
prosthesis was applied to the midline, measured from the
pedicles of the two vertebrae. Placement was classified as
ideal (\2 mm), discretely shifted (2–3 mm), slightly
shifted (3–5 mm), and markedly shifted ([5 mm). Sagittal
placement was determined at the index level from the
dorsal border of the vertebra, with graduation defined as
ideal (\2 mm), discretely shifted (2–3 mm), and subopti-
mally placed ([3 mm).
Complications of heterotopic ossification (HO) and
prosthesis subsidence were also evaluated. Heterotopic
ossification was evaluated using a 6-point scale adapted
from McAfee et al. [9, 27]. The grades were defined as
follows: 0, no evidence of HO; 1, HO present in islands of
bone within soft tissue but not influencing segmental mo-
tion; 2, bone present within the disc space defined by the
planes formed by the two adjacent end plates, but bony
protrusions projecting more or less horizontally from the
vertebral bodies; 3, bone present between the two planes
without bridge; 4, apparent continuous connection of
bridging bone between end plates; 5, indeterminate, for
example, due to poor film quality.
Surgical technique
All patients underwent surgical treatment through an open
anterior retroperitoneal approach. Patients were placed in
the supine position on a folding operating table. Fluoro-
scopy was used to identify the location of the disc space
and the approach angle with markings on the patient’s
abdomen. A complete discectomy was performed using
anterior lumbar surgical instruments. For patients with a
herniated disc, complete decompression was performed to
relieve the symptoms. Care was taken to preserve the pe-
ripheral annulus fibrosis when performing discectomy
which can cause ligamentotaxis.
Before inserting the prosthesis, the disc space was pre-
pared in an identical manner to ensure proper positioning of
the prosthesis. The anterior longitudinal ligament and an-
terior annulus fibrosis were resected. The posterior longi-
tudinal ligament was stretched to facilitate restoration of
normal disc space height. The bony vertebral endplates were
left intact and shaped to be parallel. The subchondral bone
on the vertebral endplates was preserved to provide stability
and prevent implant subsidence. In some cases, the posterior
osteophytes were carefully removed to allow satisfactory
placement of the prosthesis. Creation of a flat surface to
maximize the bone–implant contact area was of great im-
portance. Final positioning was assessed by fluoroscopy.
When the prosthesis was in position, the anterior longitu-
dinal ligament was not fixed to avoid heterotopic
ossification.
Statistical analysis
All data were evaluated by an external, independent
statistician not involved in the process of pre- or postop-
erative decision-making. Continuous data were expressed
as mean ± standard deviation (SD), and were tested for
normality based on the Kolmogorov–Smirnov test. We use
the paired t test to examine the differences in VAS, ODI,
ROM, IDH, and lumbar lordosis preoperatively and at the
final follow-up. All statistical analysis were conducted
using SAS, version 9.2 (SAS Institute, Cary, NC), and
statistical significance was accepted at the P\ 0.05 level.
Results
Study population
A total of 35 patients were implanted with Charite III ar-
tificial disc, of whom 32 (35 prostheses) had a minimum of
11 years follow-up. One patient was lost to follow-up, one
declined to participate in the study, and one died of an
unrelated cause. The mean follow-up was 11.8 years,
ranging from 11.3 to 13.8 years. Of the remaining 32 pa-
tients, there were 14 men and 18 women with a mean age at
the time of surgery of 41.4 years (range 28.6–51.3 years).
The mean time of symptomatology preoperatively was
5.4 years.
Clinical outcomes
Analysis of the clinical parameters showed a highly sig-
nificant improvement in both VAS and ODI values at the
final follow-up. Preoperative VAS was 8.50 ± 0.18, which
decreased to 1.46 ± 0.32 at the final follow-up
(P = 0.0015). Preoperative ODI was 41.36 ± 1.87, which
decreased to 13.21 ± 2.38 at the final follow-up
(P = 0.0047). Of all patients, 28 patients (87.5 %) had a
successful outcome. One patient complained of residual
back pain (VAS 4, ODI 36) especially on a cloudy day. The
pain could be relieved by NSAIDs and the patient refused
to undergo any examination or further treatment.
When asked whether they would undergo the same op-
eration again, 25 (78.1 %) patients answered ‘‘certainly
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yes’’, 5 answered ‘‘probably yes’’, and 2 answered
‘‘definitely not’’. Of the 32 patients working prior to sur-
gery, 3 had retired (at the age of 60) at the final follow-up,
leaving 29 patients to consider. Of those 29 patients, 22
(75.9 %) patients returned to work, 7 were asked not to
work by their families.
Radiological outcomes
Of the 35 prostheses, 7 had a ROM of less than 2 and solid
fusion was noted in 3 segments. The mean ROM of the
other 28 prostheses was 5.4 (range 2–12). The ROM of
the index level showed a significant decrease compared to a
mean angle of 7.4 (range 6–16) preoperatively
(P = 0.0031). The ROM of adjacent levels also showed
statistically significant decreases. The upper adjacent level
ROM decreased from 6.7 (range 4–15) preoperatively to
5.2 (range 1–14) at the final follow-up (P = 0.0143).
The lower adjacent level ROM decreased from 4.5 (range
1–13) preoperatively to 2.4 (range 0–6) at the final
follow-up (P = 0.0027).
At the final follow-up, IDH of the index level was de-
creased 2.1 mm compared to that before surgery
(P = 0.0613), which showed a trend towards a significant
difference. IDHs of the upper and lower adjacent levels
were not significantly affected by the surgery
(P1 = 0.2144 and P2 = 0.2658, respectively). Two pa-
tients showed an obvious decrease of IDH of the upper
adjacent level and heterotopic ossification was observed in
the two segments.
Lumbar lordosis showed a statistically significant in-
crease at the final follow-up (P = 0.0328). Lumbar
scoliosis over 3 was observed in 12 patients (37.5 %),
with a mean angle of 5.6 (range 3–12). Of the 12 pa-
tients, 7 had left convex curvature. Of the total of 35
prostheses, 15 were left-shifted, 3 were right-shifted and 14
were just in the middle. In the coronal plane, 25 were rated
as ideally placed, 5 were discretely shifted, 4 were slightly
shifted and 1 was markedly shifted. In the sagittal plane,
only 12 prostheses were rated as ideally placed, 14 were
discretely shifted and 9 were suboptimally placed. We tried
to correlate the degree of scoliosis with the prosthesis po-
sition in the coronal plane, but found only a low
correlation.
Complications
By the completion of this follow-up, no device failure or
major complications had occurred. However, one patient
complained of severe leg pain 7 years after TDR and ad-
jacent segment degeneration was confirmed. We performed
spinal decompression and implanted an interspinous dy-
namic system at the upper adjacent level. One patient
suffered a pedicle fracture when moving heavy objects
20 months after TDR, and underwent posterior fusion
surgery without removal of the prosthesis. During surgery,
two patients experienced a tear of the iliac vein, which
were repaired immediately, leaving no hematoma after
surgery. Two patients developed anhidrosis after surgery,
and complained that their feet felt dry. Two patients suf-
fered an abdominal hernia, but experienced no pain. Of all
the male patients, no retrograde ejaculation was observed.
At the final follow-up, prosthesis subsidence was noted
in 3 patients (9.4 %) (the subsidence distances were 3.1,
4.2 and 2.8 mm, respectively), but no symptoms appeared.
Of these 3 patients, prosthesis subsidence was noted at the
lower endplate in 2, and at the upper endplate in 1.
Heterotopic ossification was detected in 25 segments
(71.4 %). According to McAfee’s classification, there was
Class-I heterotopic ossification in 7 segments (20.0 %),
Class-II in 9 segments (25.7 %), and Class-III in 9 seg-
ments (25.7 %). No instances of Class-IV heterotopic os-
sification were observed. The average segmental ROM,
VAS, and ODI in each class of heterotopic ossification are
shown in Table 2. There was no significant difference in
the segmental ROM between the patients with Class-I or
Table 2 Segmental ROM,
VAS, and ODI of each class of
HO
McAfee classification Segments (%) Segmental ROM (range) VAS (range) ODI (range)
0 10 (28.6 %) 6.1 (2–12) 1.1 (0–3) 10.4 (0–24)
I 7 (20.0 %) 5.9 (0–9) 1.6 (1–3) 14.1 (10–36)
II 9 (25.7 %) 4.9 (0–6) 1.3 (0–4) 13.4 (5–24)
III 9 (25.7 %) 3 (0–5) 1.9 (1–4) 15.9 (10–34)
IV 0 – – –
VAS Visual analog scale, ODI Oswestry disability index, ROM range of motion, HO heterotopic ossification
McAfee et al. classified heterotopic ossification into five classes based on Brooker’s classification of
heterotopic ossification after total hip arthroplasty. Class 0: No HO present; Class I: HO present in islands
of bone within soft tissue but not influencing the range of motion of the segment; Class II: HO possibly
affecting the range of motion; Class III: the range of motion is blocked by the formation of HO and/or
postoperative osteophytes on flexion–extension or lateral bending radiographs; Class IV: HO causing
inadvertent arthrodesis
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Class-II heterotopic ossification and those without hetero-
topic ossification. The segmental ROM in patients with
Class-III heterotopic ossification, however, was sig-
nificantly decreased as compared to patients without
heterotopic ossification (P = 0.0142). In the VAS and ODI
there was no significant difference between the patients
with HO and those without (VAS: P = 0.359, 0.681,
0.217; ODI: P = 0.417, 0.714, 0.316, respectively, for
Class I, II, and III).
Discussion
This detailed study represents an independent long-term
follow-up of Charite III lumbar TDR carried out for the
treatment of symptomatic degenerative disc disease by a
single surgeon. This is the first long-term study of the
Charite III artificial intervertebral disc used in a Chinese
population.
In summary, this long-term follow-up study demon-
strates satisfactory results after Charite III TDR in the
majority of the evaluated cases with regard to clinical as
well as radiological outcome. After a minimum 11-year
follow-up, one revision surgery was performed at the upper
adjacent level because of adjacent segment degeneration.
However, compared with other long-term studies [28–33],
we found a more favorable survival rate. There are several
possible reasons for this which may be summarized as
follows: one is our strict indication for TDR since we can
never be too cautious; another important reason may be
that most Chinese are much lighter in weight compared to
the western population, which may affect the survival rate
of the prosthesis since a much smaller continuous load is
exerted on the prosthesis; the third reason could be that the
surgeon is very familiar with the anterior retroperitoneal
approach which helped to reduce and to deal with severe
complications.
The clinical results of this study are encouraging,
showing a significant improvement of VAS and ODI after a
minimum 11-year follow-up. Of the total of 32 patients
followed, 29 showed at least a 15-point improvement in
ODI score versus baseline at the final follow-up and the
clinical success rate was 90.6 % according to the criteria
defined by the FDA (non-validated clinical scale). One
patient complained of back pain at the final follow-up, but
because NSAIDs were effective for her, she refused to
undergo any examination. On her X-ray at the final follow-
up, the upper adjacent segment showed a severe loss of
IDH (3.6 mm) compared to that before surgery, and os-
teophytes were quite obvious in this segment with a ROM
of 1. We speculate that the degeneration of the upper
adjacent level caused the back pain. In this study, 25
(78.1 %) patients answered ‘‘certainly yes’’ when asked
whether they would undergo the same operation again, and
22 (75.9 %) patients returned to work after surgery, similar
results to those reported in a study by Lemaireet et al. [28].
Our reported mean range of motion at the index level in
flexion/extension was higher than that described in a study
by Huanget et al. [34] (3.8), but smaller than that reported
in the series of Lemaireet et al. [28] (10.3). Huang et al.
reported that 20 patients (34.5 %) in their series achieved
\2 of flexion/extension, whereas Lemaire et al. had 9
patients (9.0 %) with \2 and our series had 7 patients
(21.9 %) with\2. Johnsen et al. [17] explained the re-
duced movement of the index level by the hindrance of
posterior tissues after surgery, location of the axis of ro-
tation, loss of disc height and the natural history of de-
generative disc disease. However, in this study, the
prosthesis used was the Charite III and the disc height of
the 7 patients showed no significant difference from that of
the other patients. We noticed that patients with chronic
low back pain often develop fear of pain on movement,
which combined with permanent hindrance of soft-tissue
changes, seems most likely to provide a reasonable ex-
planation. Although the IDH of the index level showed a
tendency to decrease, the difference was not significant
(P = 0.0613) which suggests that the wear of the poly-
ethylene core is minimal and that prosthesis subsidence is
not common if strict inclusion criteria are applied.
It is easy to understand that in short- to mid-term follow-
up, ROM of the adjacent segments will increase after TDR.
However, few previous long-term studies evaluated ROM
and IDH of the adjacent segments. In this study, both ad-
jacent segments showed decreased ROM and unchanged
IDH. Adjacent segment degeneration was confirmed in one
patient at 7 years after TDR and reoperation was per-
formed at the upper adjacent level. Two patients showed an
obvious decrease of IDH of the upper adjacent segment and
heterotopic ossification was observed in the two segments.
Although adjacent segment degeneration was obvious in
these two patients, it was difficult to tell whether this was
related to the surgical intervention or simply the natural
progression of degeneration. Further, the rate of adjacent
segment degeneration after a minimum 11-year follow-up
was lower than that of fusion patients in spite of the small
number of patients and the lack of a comparative group [5,
25, 35]. This long-term follow-up clearly provides addi-
tional evidence for the protective effect of TDR on adja-
cent segments. We may also conclude that TDR with a
Charite III prosthesis will not accelerate adjacent segment
degeneration based on this study.
There are reports that fusion can significantly reduce
lumbar lordosis [36], and that this reduction correlates with
postoperative back pain [37, 38]. However, whether lumbar
total disc replacement will influence lumbar lordosis and
whether the lumbar lordosis correlates with clinical
Eur Spine J (2015) 24:2056–2064 2061
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outcome are controversial [39–41]. In this study, lumbar
lordosis showed a statistically significant increase at the
final follow-up. We noticed that patients with less lumbar
lordosis showed some increase, while those with greater
lumbar lordosis showed some decrease, indicating im-
provement of lumbar lordosis in patients who underwent
total disc replacement, an observation which was also
mentioned by Lemaire et al. [28]. During the surgery, we
did not place the prostheses in lordosis. One possible ex-
planation of the improvement of lumbar lordosis may be
partly because of the restoration of lumbar sequence. After
the replacement of the degenerated disc, the intervertebral
disc height is restored and so is the original biomechanics.
The index segment may serve as a regulator and help
lumbar to reach new sagittal equilibrium. This might be
one important benefit of total disc replacement, in that it
helps to improve lumbar sagittal balance.
The optimal prosthesis position is crucial to the long-
term function of the intervertebral joint complex. In the
coronal plane, the vertebral bodies are not symmetrically
shaped and may be slightly rotated, which may even in-
crease after discectomy and the release of the anterior or
posterior ligament. Therefore, defining the midline in the
coronal plane during surgery is highly complex. During
surgery, we used the pedicles of the vertebral body as
benchmarks instead of the spinous process of the vertebral
ground plate. In the coronal plane, 25 prostheses were rated
as ideally placed, 5 were discretely shifted, 4 were slightly
shifted and 1 was markedly shifted. In the sagittal plane, 12
prostheses were rated as ideally placed, 14 were discretely
shifted and 9 were suboptimally placed. Using the same
criteria, our results are better than those reported from the
study by Yue et al. [42]. The patient with markedly shifted
prosthesis in the coronal plane and the 9 patients with
suboptimally placed prostheses in the sagittal plane showed
no inferior clinical results compared with the other pa-
tients. In Boss et al. [26] study, he also found that pros-
thesis positioning did not influence clinical outcome to any
extent. The narrow system of classifying the three groups
based on disc positioning (i.e., ideally placed, discretely
shifted, and suboptimally placed) may be the main con-
tributor to the poor position of the prostheses. Another
possible explanation may be that the effect of suboptimally
placed prostheses was minimized when the implanted
segment gradually lost its range of motion with time.
Although our stringent criteria to classify positioning of the
protheses let to a large proportion of poorly positioned
discs, the use of strict criteria is necessary to ensure the
best possible placement of the prosthesis.
At the final follow-up, lumbar scoliosis over 3 was
observed in 12 patients (37.5 %), with a mean angle of 5.6
(range 3–12). Of the 12 patients, 7 had left convex cur-
vature. Theoretically, the shift of the prosthesis in the
coronal plane will cause uneven loading and may con-
tribute to lumbar scoliosis in the long run. Consequently,
we tried to correlate the degree of scoliosis with the
prosthesis position in the coronal plane but found only a
low correlation, which may be partly because of the small
number of patients.
Reoperations at the index level are required in 0–28.6 %
of cases [31, 43–45]. Siepe et al. [45] categorized the re-
operation rates into those resulting from general surgery-
related complications, those for implant- or device-related
complications, and those that were required for the treat-
ment of adjacent-level pathologies. In this study, they
found that the majority of revision surgeries were per-
formed for persistent back pain, and that fewer were per-
formed for implant failures. In our study, reoperation was
performed in 2 patients, one because of adjacent segment
degeneration and the other for pedicle fracture.
At the final follow-up, prosthesis subsidence was noted
in 3 (9.4 %) patients (the subsidence distances were 3.1,
4.2 and 2.8 mm, respectively), but no symptoms appeared.
Injury of the endplate during surgery and osteoporosis are
the two main causes of prosthesis subsidence. However we
cannot reach any conclusion on the effect of subsidence on
segmental ROM based on these limited data.
Heterotopic ossification is not uncommon during the
follow-up after lumbar TDR. The incidence of heterotopic
ossification in short-term follow-up has been described as
1.4–83 %, mostly between 10 and 15 % [13, 18, 46]. Since
heterotopic ossification can progress during follow-up, the
occurrence rate in these studies might be an underestimate
of the real incidence of late onset heterotopic ossification.
And we believe that the reason for this is the meticulous
search for any small ossification according to McAfee’s
classification. The etiology of heterotopic ossification is
still unknown. Some factors such as perioperative bleeding
in the vicinity of implant, rough tissue dissection, under-
lying diffuse idiopathic skeletal hyperostosis and annular
repair after implantation of the prosthesis may be associ-
ated with heterotopic ossification. However, further re-
search is still needed to identify the potential risk factors
and long-term clinical impact of heterotopic ossification.
Conclusions
This study presents the results of 32 patients implanted
with the Charite III artificial disc with a mean follow-up of
11.8 years. Clinical success was achieved in 87.5 % of
patients in this series. A return to work rate of 75.9 % was
achieved. This study demonstrates that satisfactory clinical
and radiological results can be achieved, and patient safety
was proven with acceptable complication and reoperation
rates. These results indicate that TDR with the Charite III
2062 Eur Spine J (2015) 24:2056–2064
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artificial disc is a viable alternative to arthrodesis for the
treatment of lumbar DDD at one or two levels. However,
whether TDR can protect the adjacent segment over the
long term still requires more evidence.
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